Abstract. We introduce a general class of potentials V = V (x, t) so that the semilinear parabolic equation 
Introduction
In this paper we will be interested in the following semilinear parabolic problem:
where n ≥ 3, p > 1, ∆ is the Laplacian operator and V ∈ L 1 loc (R n × R). We first recall that Zhang [5] studied the global existence for this problem when the potential V is in the parabolic Kato class at infinity P ∞ , and in the time-independent case when V = V (x) is in the subclass of Green tight functions, the asymptotic behavior of solutions for this problem is studied by Zhang and Zhao [6] . The elliptic counterpart problem ∆u(x) + V (x)u p (x) = 0, x ∈ R n , n ≥ 3, was studied by some authors during the last two decades (see Kenig and Ni [2] , Lin [3] , Ni [4] , Zhao [7] and the references therein).
Our aim in this paper is to introduce a new class of potentials V denoted by P ∞ loc so that the problem (P V ) has a global continuous solution comparable to that of (P 0 ). We also prove that when V ≥ 0, the condition V ∈ P ∞ loc is optimal for this result to hold. In particular, we extend the results proved by Zhang [5] to a new functional class more general than the parabolic Kato class P ∞ . We also give interesting examples of potentials in P 
and for any compact subset A ⊂ R n × R,
where
Let P ∞ be the class introduced by Zhang in [5] . Obviously
and we have the following.
In the time-independent case we have the following. Remark 1.2. Let M b be the set of functions V = V (x) on R n which define bounded Newtonian potentials, i.e. sup
where K n and K loc n are respectively the Kato and the local Kato classes introduced by Aizenman and Simon [1] .
The main results about the problem (P V ) are the following. 
By using the same arguments as in [6] , we also have the following result about the large-time behavior. In section 2, we prove the continuity of the parabolic potentials G a |V |dyds when V ∈ P ∞ loc . In section 3, we present an alternative and shorter proof of Theorem I based on a fixed point argument more simple than the Schauder theorem used by Zhang in [5] . In section 4, we prove Theorem II. In section 5, we characterize the classes P ∞ and P ∞ loc in special cases which allow us to give interesting examples of potentials in the class P ∞ loc which do not belong to the class P ∞ . Throughout the paper the letter C denotes a positive constant which may vary in value from line to line but not on dependence.
Continuity of parabolic potentials
In this section we prove the continuity of the potentials G a |V |dyds when V ∈ P ∞ loc . The continuity is required to establish the global existence result of Theorem I.
For a > 0, x, y ∈ R n and t > s, let
The fundamental solution of a∆ x − ∂/∂t on R n × R is given by
For α, β ≥ 0 we use the notation α ∨ β and α ∧ β to mean max(α, β) and min(α, β), respectively. We also need to use the inequality
In particular it satisfies the triangle inequality. For r > 0, let B((x, t), r) be the ball with center (x, t) and radius r with respect to the parabolic distance and B c ((x, t), r) its complement. We first prove the following.
Proof. Case 1. s ≥ t. The left-hand side term is equal to zero and so the inequality is trivial. with m = 1/2, we have
Moreover, we have
On the other hand, by applying (2.1) with m = 2, we obtain
Combining (2.3), (2.4) and (2.5), we obtain
In the same way, there is a θ ∈ ]t 0 , t[ such that
Moreover by applying (2.1) with m = n/2 + 2 and using the inequality 0
). (x 0 , t; y, s 
By noting that |x
Combining (2.2), (2.6) and (2.9), we obtain the inequality stated in the lemma.
Remark 2.2. If we replace t ≥ t 0 by t ≤ t 0 , we obtain the same inequality provided that G c (x, t; y, s) is replaced by G c (x 0 , t 0 ; y, s) .
We have the following.
...dyds
This ends the proof. 
Proof of Theorem I
For simplicity, we put
The function h is continuous on
Clearly S is a nonempty closed subset of
Since u is bounded, by Proposition 2.3, 
which means that T u ∈ S and so T maps S into itself. Moreover for all u, v ∈ S, we clearly have T u − T v ∞ ≤ p(Mb
We will prove that q r is continuous. Let (
and so by Lemma 2.1 and (4.1), we obtain
On the other hand, by the dominated convergence theorem, we also have
Hence q r is continuous. We then have p r = p−q r is continuous and lim 
Now by recalling that u
Γ a (x, t; y, s)|V (y, s)|dyds = 0, for any compact subset A ⊂ R n × R, which completes the proof.
The classes P ∞ and P ∞ loc
In this section we characterize the classes P ∞ and P ∞ loc in interesting special cases so that the reader may see the kind of potentials admitted for the class P ∞ loc and not for the class P ∞ . Let C b (R n × R) be the set of all bounded continuous functions on R n × R and let C 0 (R n × R) be the subset of functions in
We have the following result. 
In the same way we obtain p * V
Moreover by (i), V ∈ P ∞ loc and so there is r > 0 small such that sup Thus V ∈ P ∞ .
From Proposition 5.1, we deduce the following characterization of the classes P ∞ loc and P ∞ in the time-independent case.
(ii) V ∈ P ∞ if and only if the potential p We have V ∈ C ∞ (R n ) and
Moreover, the potential p(x) = 
